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OVERVIEW
No computerized visual analog scale (VAS) exists to measure the intensity of drug effects reported by individuals. Visual analog scales may be capable of providing rapid and reliable assessment of the degree of various subjective effects due to pharmacological interventions.
We found the VAS to be a reliable means of rapidly obtaining the intensity of subjective responses to pharmacological intervention with methamphetamine. The VAS has demonstrated improved resolution over hand-scored techniques. In addition, it is user friendly, and the questionnaire can be adapted for other drugs with only minor modificadons to the program.
BACKGROUND
Substantial literature exists on visual analog scales (1) (2) (3) (4) (5) . Much of this literature is focused on clinical pain assessment where they have served as sensitive, reliable, and valid indices of pain sensations (6) (7) (8) . The patient places a mark on a line between two extremes correspoi (ding to the level of pain perceived.
The position of this mark is then measured by the experimenter, and the measurement becomes the score for that patient. Visual analog scales (VAS) have advatages over scales that require a specific response selected from a limited number of possible choices. A VAS offers the potential for increased discrimination in response, without the patient having to read and contemplate several choices. The investigator could conceivably divide the line segment into any desired number of increments, depending on the level of discrimination desired. Pencil-and-paper versions are limited by the length of the line and the ability of the experimenter to discriminate sufficiently small measurements. Of special interest to our needs, however, are a number of studies demonstrating the use of such scales to evaluate clinical and experimental drug effects. In an example that combined both pain and drug effects, Price (7) measured sensory intensity and affective responses to experimental hyperthermic pain with visual analog scales. This investigation showed dose-related changes with morphine in differential responses to the sensory and affective scales. In a study directly comparing a check list versus a VAS to assess antihistamine drug side effects, Lundberg (2) found the VAS to be the more sensitive measure.
In summary, the literature indicates that visual analog scales could provide a quick, sensitive, reliable, and valid assessment of the degree of various subjective effects. As part of a Naval Aerospace Medical Research Laboratory (NAMRL) effort to investigate the chronopharmacokinetics of methamphetamine during simulated sustained flight operations we developed a computerized VAS to determine the intensity of subjective responses associated with the administration of the drug. To our knowledge, this is the first computerized VAS of its kind to be developed.
QUESTIONNAIRE DEVELOPMENT
A list of majc-subjective effects of methamphetamine was generated from the literature (9-11). The items included physical sjmiptoms such as "dry mouth" and "palpitations," negative feelings such as "anxiety" and "depression," and positive effects such as "euphoria" and "alertness." The resulting questionnaire is shown in Appendix A. An additional program was developed to print the data from multiple sessions in ASCII format, arranged in the order depicted in Appendix A. This program was compiled in Turbo C+ + Version 1.0 for an IBM compatible 286 microcomputer (12) . A listing of this program is shown in Appendix C.
PROGRAM OPERATION
To start the program, type GWBASIC or BASICA at the DOS prompt. Typing LOAD "<drive:>\<path>\SYMPTOM" will ioad the program. To run the program type RUN and press <CR>. The following information will then be displayed on the screen:
Enter the subject number, session number, and whether the session is part of the base-fine training week or the test week, where appropriate. A set of instructions to the subject will then be displayed on the screen. These instructions are contained in Appendix D.
Each administration of the questionnaire presents the block of items in random order on a CRT display. The subject is then asked to indicate the degree of intensity of the item by moving an arrow along a horizontal scale from 0 to 100 using the left or right "arrow" keys on the computer keyboard or other input device. The initial position of the arrow is always in the center of the scale to prevent biasing the subject's responses toward either extreme of the scale. An example of a screen item is shown in Fig. 1 . The measurement is recorded when the subject depresses the "enter" key. If a response has been entered in error, the subject can return to the previous item by depressing the *back-space" key. The program records and stores the selected positions as numbers between 0 and 100 to the nearest whole number. Administration time averages approximately 3.5 min for the questionnaire listed in Appendix A.
Due to the delay associated with the computer keypad, control of the arrow movement by this method may not be satisfactory. This problem can be solved by using a joystick, mouse, or other input device. We used a Systems Research Laboratories Mini-Modulus III interfaced to the computer by a Labpak multifunction data acquisition board. When the Mini-Modulus III is uaed as the input device, the "red" key is used to move the arrow to the right, and the "blue" key is used to move the arrow to the left. The subject can return to the previous item by depressing the "zero" key. Responses are entered by depressing the"tapper" key.
PROGRAM OUTPUT
Results are sent to the printer and to a disk for storage. The program first searches for a hard drive to store the responses. If none is found, the data will be stored on drive A. If drive A is unavailable, the data are stored on drive B. There are no error checks or responses. 
DISCUSSION
The VAS appears to be a reliable means of rapidly obtaining the intensity of a subject's responses to pharmacological intervention. In addition, it is user friendly and with minor modifications to the program as detailed in Appendix B, experimenters should be able to adapt the questionnaire to their individual research needs.
The computerized VAS appears to have two major advantages over paper-and-pencil versions of the test. First, it eliminates hand scoring and recording the results and the errors associated with those tasks. Second, it provides greater resolution than hand-scored methods.
APPENDIX A
This appendix contains a list of the questions presented during the administration of the drug symptom questionnaire. Each item initially appeared over a 100-mm line with the arrow at the centey of the line as shown in Fig. A-1 Introduction. The drug effects questionnaire was designed to present & set or group of drug-related questions to a subject, via a CRT display, for her/(h-) rating. As shown in Fig. 1 of the text, the subject is asked to indicate the degree of intensity of the symptom, feeling, or behavior by placing an arrow along a line-segment scale measuring from 0 to 100. The arrow can be moved on the 0-100 scale to indicate the intensity of the particular symptom.
The program was modularly designed so that different questionnaires can be easily adapted. .Iitliar2g=. At the start of the test, the program informs the subject, via the CRT display, the purpose of the test, how to provide a response, and gives the subject a chance to practice enter inputing a response.
Questionnaire file retrieval. The program retrieves data from the same directory from which it is running the questionnaire. The questions are contained in a file named "question.sym." The number of questions must match the number of the FOR...LOOP in line number 1450 of the program.
Randomization of questionnaire presentation. The program generates a set of random numbers from 1 to the number of questions. These random numbers are then used as indices to the questions for random presentation.
Questionnaire resontation and resoonse recording. The program presents the questions one at a time, waiting for each individual response from the subject. The start and finish time for presentation of the questionnaire are recorded for later storage.
Storagg and printout of ouestionnaire and test results. The questions, the order of presentation, and the subject's response are stored on a floppy or hard disk as determined by the user.
Questionnaires. The questionnaire was stored in the directory from which the program was retrieved and run. 
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Ouestionnaires must be created in ASCII format so that each question is terminated with a carriage return. The program reads each question serially as a string assigned to string variable OS(index). Preparation of the *question.sym* file can be done with WordPerfect, but care must be taken to store it as an ASCII file only. If a comma needs to be presented as part of a question, the entire question needs lo be enclosed between quotation marks.
When a new or modified questionnaire is to be incorporated in the drug effects questionnaire program, the following procedure should be followed:
1. Determine the total number of questions mn the questionnaire that will be used. Assume the number is NO.
2. Draft each question, using the same format as those of the questions shown in Appendix A.
3. Use a word processor pro;ram (preferably WordPerfect) to write down the questions. Each question must be finished with a carriage return (HRt-in WordPerfect). 100'*********************************************************/* 
'*
Test results are sent to the printer and to a disk */ Overview of SYMPTOM.EXE: SYMPTOM.EXE accepts command-line arguments detailing the input path and file specification, the output path, the number of questions to be expected. A fourth switch selects whether the processed file will be stripped of question and session numbers (a raw file).
To invoke SYMPTOM.EXE the command line is as follows (optional parameters are in angle brackets <optional>, case is not important):
SYMPTOM Fpath\fide-specification <0 > path Onumber of questions < R > Spaces must not be present between the command-line switches and their arguments. Only the <O> and < R > switches are optional. All others MUST be specified. Input file-specification is usually of the form '.SYM' to get all files on the input path with the extension '.SYM'.
SYMPTOM.EXE reads the input path's directory, looking for matches to the file-specification. If it finds no matches, it will abort with a message. Otherwise the program will sort the directory by SESSION NUMBER and begin reading/processing subject data files. SYMPTOM.EXE will print the name of each data file as it is read.
C-1
A listing of the program follows:
/*************************************************************** If the ** **
